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Module No: 



II2TWS 



Approx. Time; 
\ 

14 hours 



Module Trtle: * . " ^ 

Bas1 c* Chemi cal ;Preci pi tat ion Spfteni ng 



Submod'ule Title: 



Top^: 
Summary 



Ob^jectives :Upon completion of this module, the participant will 'te able to: 
K Describe ^the chemistry of chemical precipitation softening - 

2. Describe the operation o'f chemical precipitatiorr softening * ' 

3. Describe the labbratory contral neces^sary for chemical precipitation* ^ 
softening ■ ^ • . ^ * 

.4* 'Describe the safety rec^uirements for chemical prec.i pi tati on , softening. . 



Instructional Aids : 

1 . Handourt 

2. Transparencies #l-#22_ 



■ A 



Instructional Approachf 
Diicussion an.d Class Problems 



References: * • 

1 . Manual of Instnrction for Water Treatment Pl^nt Operators ^Hea 1 th \ 
Education Service ^ ^ ' ^ • 

2. Manual of Water Utility Operations , Texas Water Utility Assocj-ation 
S. Wateh Supply & Treatment , National Lime Association . 
4. Standard Methods Tor the Examination of Water and Wastewater , 14th E'd. 



||5* Methods for Chemical Analysis 'of Water and Waste , EPA 



Class Assignments : 

;1 . The participant will read Handout. 

1. ' The participant wil l* complete Problems •#l-#3 
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Module No: 

Q 

II2TWS 



Topic-: 
Suimiary 




!• Distribute Handout ' 



2.. Present Transparencies 



Instructor, Outline': - 



~* Discuss Xnd identify the chemistry 
operation » labor^ory control and 
.safety requirements foj chemical 
^ precipitation- sqftenin'g. -^z 

Give evaluation of 30 questions. 
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^^odiile No: 



II2TWS 



Appjrox. Time: 

/ 



Module Title: 



Basic Chefnical Precipitation Softe-itiing 



Submodule Title 



Topic:.* 



Introduction 



4 



Objectives: Upon completion of this topic,^ the ^partitipahf^ will be able to: 

L Describe what hardness is. r ^ 
2. *Despribe what chemical precipitation softening^is. 
3/' State advantages of chemical precipitation softening. 
4. State disadvantages of ^hemitaV precipitation softening. 



Instructional Aids: ' ^ ' ' * * 

- • * ^ ' . , ' . ^ • . y • ^ ' ; ' o 

1.' Handout - Introduction' , » ' 1 " ^ - t 

y2.*-Transpar^ncy #U- What iiSy/Hardne'ss 

3. Transparency #2 - What is Softening, ^ ' 

4. ^ Transparency #3/- Advantacfes of chemical precip-itation 
^Transparency #4 -^Disadvar\tfiges of, chemical precipitation softening 

6. ' Transpanency #5 -^Review of Ternwno'logy • • 



Instri^ctio'r^al Appr|>'ach: ' 
Di^scussion* ' [ ^ 



^feferences : 



1- Manual of. Instruction fot-'Wat^ Treatment P.lant Operators' , Health 
Education' Service. ' ^^"^ ^ ~, ' ~^ 

2- Manual, of Water 'Otility Operators , Texas Water Uti lities Association, 
3. Water Supply & Treatinent , National Lime Association. 



Class Assignments!' ^ ^ * 

.1.* The .participant will r*ead Han^Ujut-^.Intijoduction^ ' 



• 6 
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Module, No: 
li2TWS 



Topic: 



Instructor "Notes; 



Principles of Chemical Precipi tattijn Softening 
Instructor Outline: 

■ - ' } 



V. "Prgsent Transparency #1^ 



7" 



2. Present Transpareaey 



Present /Tra 
and #4 




/ 



Present Transparency #5 
Ask the class to provide 
the instructor with the 
correct definition for . 
each term and write jt 
on the transparency. 



Discu^ss What Hardness Is ' ^ * 

a. Chemical' Components of Hardness 

b. Types of Hardness 

1) .Carbonate 

2) * -^flon^ carbonate ' ^ 

c. Typical' Hardhasses in ^he^d.S. 

d. Typical Hardnesses in Iowa. 

Discuss What-j5oftening Is. \ 

a. Removal of Hardness \ 

b. Typ^s-^f S*oftening- 

^ I. <:hemTbil ' \ s 
2. Ion exchange- * . 



3.^ Why Soften 



Advantages 
K^fconsmne less, soap and detergent. 

2. Increase the life of clothing 
and otner articl'eS;^being cleaned. 

3. / Increase the life^of pipes and 
- fixtures 9 heating syss^ems, and 

boiler shells and tubes f or , \ 
, • depositing water. 

4. Certain industrial processes 
require it. ^ ,^ , 

5. Somei!^ indications tRat hard water 
may be the cause of certain ^ ^ 
'cardiovascular diseases. ' ^ 

6. / Remove radioactive nuclides. 

?isadvanta9es 
. With impr^^r control , softened 
water may be more corrosive or ; 
scaling than the raw water. 
2. C-hemical precipitation softening 
produces a significant volume of* 
sludge which has. to be disposed of. 



\ 



l..,Hardnpss -'The , concentration of Calcium,^ 
Magnesium and other divalent cations 
. foimd- in .water. ^ 

2. Carbonate Hardness - That portion of 
* hardness that is'in combination with 
biocaj^onate. * v ^ ^ 



f 
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hodule Ho: . . ' 

T TOTI.IC 

1 Id 1 Wo 


Topic: . _ * ' . ^ 

Principles of Chemical Precipitation Softening 
^ ✓ » 


Instructor Notes: ' 


Instructor Qutline^: ' 


V 
» 


/ 

- 


3* Nop Carbonate Hardness - Thai portion 
of hardness that is in combination 
with sulfated chlorides, nitra1:es 
other-anionsT . ^ ' ' 

4. "Softening -.The remove] o'f harc(ness ; 
ions from the water. 


> 

i 


* 


5. Chemical Soften^na' - Thp rpmnv;^! nf 
^hardness- .iorvs by precipitation with 
N *lime and soda jash". . . -~ ' - ' 




\ 


&. *Ion Exchange SpfteFring - The Vemoval 

of hardness ions by exchanging them ^ . - 
withf sodium 'ions. ' ^ . 




% 


* 

* > 
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Module No: 



II2TWS 



Approx. Time: 
2 hours 



Module Title: ^ . ' , 

Basic Chemical Precipitation Softening 



Submodule Ji tie: 



Topic: • 
Pri'nbiples of IChemical Pre^eipi taction Softening 



Ob-jectives: Upon completion of this topics the parti ctpant will be able 
1. .'Write the chemical reactions for chemical precipitation softening. 
2: Write thje chemicell reaction for recart)onatior// " ' 



to: 



Instructional Aids: ^ ' - 

1. Handout-Principles of Chemical Precipitation Softening, 

2. Transparency #6 & 7 - Softening Reactions 

3. ^ Transparency #8-Recarbonati6n Reactions 



Instructional Approach: 
Discussion and Class Problem . 



References: . ) »^ , ^ 

1. Manual' of Instruction for Water Treatment Plant^perators > Health / 
Education Service. . . - * ^ ' " ' ' 

2. Manual of Water Utility Operators , Texas Water Utilities Association. 

3. Vfater Supply & Treatment, National Lime Association. 



Class Assignments^- 

' * ' * «• « 

V. The participant will read Handout-Principles of Chemical Precipitation 
^ ^ Softening*. ^ . ; I 
2. "Complete Problem #1 on chemical reactions. • . ' ^ , 



-10, 
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Topic: ^ ^ 

PrincipT&s of Chemical Precipitation .Softening 



Instructor Notfesj 



K Present Transparency #6^ 

• « 

2. Present Transparency. #7 

3. Present Transparency #8 

4/' Present -Class Problenv#1 
Work Part A with ''class 
pSrticipati.on. Have class 
work J^art- B on their own 
and help those with 
problems • 



Instructor Outline: 



11 



Discuss the soffenifigi reactions forj 
carbona^ hardness,. "^^^^^^ 

Discuss the softening reactions for^ 
noncarbonate hardness. 

Discuss "the r^carbonation reactions\ 

•Pan A • ' ■ 

1. VmoTe 

2. (250 nig/l)/(^g2nig/niniQle-)(l "^^^^'^ 
■: (74 mg/ni mole) = n4'mg/1 Ca'(0H)2 

3. 500-Z50 = 250 mg/l 

Part B t • ' ' ^ 

1,1 mole of lime a:nd I mole of soda ash 

Is For Calcium ' 

114 mg/l Ca(0H)2 

For mfignesium 

(250-"^g/l)/(120.nig/ni'nioje)(l 

(7.4 mg/m mole) = 154 mg/l ^ Ca(0K)2' 

(250 nig/l)/(-2o^g/^^^^.j(.l mole) 

(106 mmole>^- 221 mg/l Na2C03 

900-250 -^ ^(250)(24)j , 7(22|)(46')j -' 

t • ' 4 . ■ ' 



3. 



CaCO. 



mg 



Na 



900-250 - 50 + 96 = 696* mg/l 



* 

» 


» 

• 
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Module .No: 
t * 


Module' Ti tie': . ^ • 

Basic ChemicaT Precipftation Softening * - / 




II2TWS ^ 


SubmodCi^e Ti tlfe: - \ • ' * / 




Apprbx. Time: 








Topic: . .... 

* * 4 


» 


1 hour • ' ' ' 


Chemical Precipitation Softening Processes * . 


*• t 

% 

\ 


Obiecti ves • * ■ • . , • ^ 
\ , 'Upon Qompletion'Qf this topic; the participant will be 'able. to: 
1. Identify and describe two stage lime softening* ^ ^ * . 
2., Identify ,and describe split tr^a.tment softening. . ' * ^ " 
3, ^Identity'^and . describe single stage lime followed by recarbonation^ / \ - 
softening. 


1 1 

« 


• 




. i 

f 






• • 


Instructional Ald^: ^ 

1. Handout - Chemical Precipitation Softening Processes 

2. Transparjency #9^- Two, Stage Softening « * ' \ 

3. Transparerwzy J,10- Split* Treatment Softening " ' 

4> Transpareijcy j^ll- Single Stage* Softening fo*IlQwed by recaifbonation. " • * ^ 
' ; • , . ... . • . • , ^ // . . 1 

^i'i . 1 ^ \ . « I ^ 




Instructional Approach: 

Discussion^and Class Problem * ^ \ , * 


■ •. \ 


Reffe^rences: - * . * ' - 

1. Manual of * Instruction foV^ater 'Treatment P-lan.t Operators, Health 
'^Education Service. . * ^ . ^ 

2. flanua^l of Walter Utility Operators Texas Water Utilities Association. 

3. Water. Supply. & Treatment, National Ljme Association. - ^ * ^ _ 


♦ 


Class Assignments: . - . , * ' . ^ 

The participant will read HandoutVChemical *Preci'pi tation Softening 
Processed.- * : ^ ^ " 
2. The participant' will complete Problem^#2 on^liefincal processes. 


• • 

ERIC . ^ 
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Hqdule No: 
n2TWS 



Topic: • , V • ^ r 

.Chemical Precipitation Sof tending Processes 



Instructor Notes: 



1. . Present^Transparency #9 



2. Present^ Transpar-ency #10 



3. ^Present Trahspanency #11 




4:^ Present Class Problem fS^2 
Have cTasSt^coirmlete the 
problem on t!l#i<^vn and 
then work problem' w4.th- ^ 
class participation. 



J 



13 



. — _ J — 

Instructor Outlifie: 



3. 



Disucss the Various units in two It 
^tage softening ^and the purpose of each. 
Discuss the general types-. of waters that 
lend thQmsel.ves to this type of process. 
Discuss advantages and^'disadvantages of 
this process. 



a. 
b. 
c. 
d. 



Each Stage Chemical reactions 
Chemical Costs ^ , <- ' 
Finished Water Qual-ity 
Capital Cos.ts • 



Discuss the various units used in aplit 
treatment-and the purpo5e of each. Discuss 
the general types of waters that lend them- 
selves to this type of process, ^Compare ' 
advantages and 'disadvantages of this process 
to that of two stage softening. 

a. Carbop. Dioxide 

b. Chemical .Costs 

c. Finished VJater Quality 

d. . Capital Costs. • r 



Discuss the various ur)its.used in single 
sta'ge '^aftemng'.. • Discuss th6 general 
types t)f;waters that lendv.themsel ves^ 
to this type of process. Compare advan- 
tages and disadvantages of ,th>s process 
to that, of the other two processes. 

a. - Cheniical -Reactions 

b. Chemical Costs ' ' 

c. Finished Water Qitaljty 

d. ■ 'Capital Costs • •■ ' 



V 



1. 
2. 
3. 
4. 
5. 



F 
F 

F ' 
•F 
F 



Discuss iach ansv/er and use^each question 
tb stress the points of each process. 
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Ap(&j)x. Time: 



1 hour 



Module Title: 



'Basic Chemical n^ecipi tation Softening 



Submodiile Title: * 



Topi 9: \ ^ ^ ^ 

Types of Chemi.caT Precipitation Softeners 



.Objectives : Upon completion .of this topic, the participant wall be able ±0: 

1. Identify and describe straight line softening. 

2. Identi-^a'nd describe upflow solids contact unit softening. 

3. Identi-/y and describe "spiro-reactor" softening. 



Instructional Aids: 



Handout - Types of Chemical Precipitation Softeners. 

Transparency #12- Straight line -softener. 

Transparency #13- Upflow solids contact softener. 

Transparency #14 - "Spiractor/* softener. 

^. . * .... 



Instructional Approach: 
Discussion . \^ 



1 . Manual of Instruction 'for Water Treatment Plant Operators , HeaTth 
Education Service. ^ . . ^ 

2. Manual of Water Utility Operators > -Texas Welter Uti li ties .Association, 
2^. Water Supply & Treatrpent , Nationa> Ljme Association., 



Class Assignments: V ~. T ~' 

1. The participant will read Handout-Types of Chemical Precipitation Softeners 



14 • 



, ' ' Page 1^ . . ' of 



« 


1 > 
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Topic: 
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Types of Chemical Precipitation Softeners 




Instructor Notes: 


Instructor Outline: , * , , 




1- Present Transparency #12 


1. Discuss the configur;?tion of units used in- 
straight line softener. , Exn^in each unit, . 
the^purpose of each and the way each should . ^ 
*be generally operated. Explain advapt'ages 
and disadvantages of straight line softeners."^ 






A 


a:. Process Loading •& Finishe(;i Water 

b. Sludge Cf)aracteristi'cs 

c. Capital Co^ts ' , \ ' . ^ ' * ' 


> 


2. Present Transparency #13 


2. Discuss the internal parts -pf the upflow 

solids contact softener; fxp.1ain each part, . 
the purpose of each and the way each- s-hou1d 
be generally operated. 'Explain advaritages 
a^d disadvantages of upflov/ solids contact 
' softener. ' . . 




I 

i 




a. Process Loading X Finished Watei^ 

b-. Sludge Characteristios ^ ^ . 

c. Capital, Costs ' * 




' 3. Present Transparency^ '.#14 


'6, Discuss the components of -the spiroactor" ■ 
softener. Eocplaiji each component, the 
• purpose of eacfi atnd theTway each should 
te generally operated. Explain advantages', 
and disadvantages of "spvroactor"- sof-tener. - 


> 






a. Prbces.s Loading & Finished Water » ' 

b; ,S1udge Characteristics ^ 

c. Capital Costs, - , ' 

i 


• 




1 
( 


• . i 

■ \ ' - y ' ■ ■ ■ ■ 
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Mpdule No: 



Approx. Time: ' 



3 hours 



Module Title: 



Basic Chemical Precipitation Softening . 



Submodule Title: 



Topic: 



Basic Operation of Chemical Preoipitfftion Softeners 



Objectives: Upon/completion of thi^s topic, the participant will be ^ble to: 
1^: State the cc/ntrol parameters for each- type of chemical precipitation 
softening. 



Instrijctional Aids': '* ' ^ • * 

Handoiit-Basic Operation of Cherrrica]. Precipitation ^Softeners 
Transparency #15'-^Tv/o Stage Softening \ 
Transparency #16- Split Treatment . ^ ' 

Transparency #17 - Single Stage 



Instructional Approach: 



Dis^ci>ssioQ 'and class problem 



References: . ^ \s ♦ > 

1- Manual of 'Instruction for water Treatment Plant Operators^ Heal th 



2, 
3. 



Educati oipServi ce . 

Manual of Water Utility Operators , Texas Water Utiliti^es Association. 



Water Supply & Treatmenf T^ational Lime-Association. 



Class Assigi^ments 



The participant will read Handout-Basic Operation of Chemical^ 
Precipitation Softener?, ' ... . - ^ 
Complete Problep #3 on/Ofipration of chemical precipitation softeners. 



16- : 



iI2T-WS 



Basic Operation of gtrnm+ifal Precipitation Softenef^f 



Instructor^ Notes 



Instructor Outline: 



DiscusV. the operation or a, two 
'StaSjeHsovf>tening plant. Include 
H^w each type of softener is affected 
arid what reactions are tal<ing place. 



1. Present Transparency, #15 



2. Present Transparency '#16 



3: Present Transparency #*17 



4. fApsent Class Problem #3 
, , Ifia work with class 
* participation. 



Discuss/the operation of a split treatment 
softening plant. Include how each type of 
softener is affected and what reactions 
are taking place. 

Discuss ^theV)peration of a, single stage 
softening plant. Include how each type 
^of softener is- affecte\i arid what .reactions 
Sire taking place. 

a. Single stage . . 

b. ^Sing.le stage 

c. Sing^^e stage . ' - ' 

d. Two stage * . / * - 

e. Split treatment 
..f. Two stage 

g. Siilit treatment- two stage < * ' . . 

h. Twp stage 

i. , 5plit treatment- tv^o stage 

Work each problem showing the final vJater 
qualjty ajid operational param'eters for each 



case 
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^Approx. Time: 



2 Hours 



Module Ti'tle: 



Basic CheiT"iicj|} Precipi tat-ioh Softening 
Submodyle Title": . . 



Topic: 

Water Stabiliz^ation 



Objectives :Upon"completion of this topic, the participant wil 1 be able to: 

1. Determine the /roper pH for a given treated v^ater to control scale and 
corrosion. ^ L 



Ins^tructional Aids: ^ • ^ ' 

1. Handout-Water Stabilization , 

Iransparerrcy #18 - Factors affecting Water Stabilization 
3. Transparency #19 - Reizener 'index 
4'. Transparency #'20 ^ajfcuratjon pH ^ ^ ^ • 



\ 



Instryctional Approach: 
Discussion and Class Problem 



References:* , ■ ' ' 

1. M'an^l^Qf Instruction for Water Treatment PI ar>t Operators > Health 
Education Service. :r-^ ' ' ^ ^ ' . - 

2. Manual of Water Utility 'Operators , Te^aTl^ater Utilities Association, 

3. Water Stipply & Treatment s National Lime Association. ' 



.Class Assignments: , ■ 

^1. ■ The participant will read Handout - Water Stabilization. 
2'- The participant will complete Problem - Water Stabilization. • /, 



18 
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Module No;.. ^/ 
II2TV!S 


Topic: • ^ * ' * 
l.'ater Stabilization 


Instructor Notes: 


Instructor Outline: 



1. Present Transparency #18 



2. Prese^nt Transparency #19 



3. Present Transparency #20 



I 

4. Present Class Problem #4 
Have class work problem 
on their own. Then work 
the problem' with class 

/ participation. 



C 



1. Discuss the factors and their importance 

in water stabilization. Discuss by passing 
wate* to achieve a 80 m*g/l totaV'^hardness 
• finished water. ^ • • 

2. ' Discuss the Reizener curve and equation. 

Point out the index is only a guide and 
not absolute. For cold water a S'.I. of 
6.0 is a good starting point. 

3. ^ Discuss the use of the diagram for use in 

caT'culating pHs. Work problem at bottom 
of diagram. 

4. Review the idea of bypassing to obtain the 
desired water.- ~n*hen calculate the proper 
finished water "pH. 



( ' 



b) Hardness = 360 x 27% = 80 mg/1 as CaCO^ 
Calwum ? 180 x 27% = 49 mg/1 as CaCO^ 
Alkalinity = 300 mg/1 as CaCOi ^ . 
Temperature - 60 F ' " k"^' 
pH = 7.3 . ■ t 
Total Dissolved Solids = I006'mg/1 

Note> TDS has littXp. effect on pTs ' 
therefore, .assume a. value 
si ightly ■hi'gher than natural 
■ water. 

c) '-pHs = 9.30 + .2 + 2.,07-1.31-2.49 = 7.77 
— pH = 2(7. 77) -6.0 =9.5 



A 
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Module No: 



Approx. Time: 



1/2 hour 



Module Title: 



R^cir thernicaT Precipitation .Softgnina 



Submodule Title: 



Topic: . 
Safety. p 



Objectives : 'Upon completion of this topic, the participant will -be able tp:, 
1\ State the potential hazards in operating a chemical precipitation-, 
softener. ^ ^ ' ' . ■ 

2. State the proper corrective measur'es to minimize safety ^hazarils • > > 

3. State We proper actions required after, an accident.^ 



Instructional Aids: ■ 

1 . Handout - Safety 

2. Transparency #21 - Safety 



Instructional Approach; 
Discussion / . 



References : • - ' • * .\ ' 

1. Manual of Instruction for WateV^Treatment Plant Operators , Health 
' Education Service. ' ' I ^' 

2. Manual of Water Uti li ty Openators , Texas Water Utilities Association. 

3. '^ Water Supply &.Treatment , National. Lime Assbciation. 



Class 'Assignments : 



■ ,(',. 



1. The participant will read Hand'out - Safety 

• 201 . . 
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'Module No: « 
I12TWS , 



Instructgr Hotes 




Page 18 * .p f. 



Topic: 
Safety 



IT Present ^Xransparency #21 . 



/ 



Instr)3fetor Outline: 



Discuss safety in^op6rating a chemical 
precipitation softening 'plant. 
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Module No: > \. ^ 



1I2TWS 



Approx.. Time: - 



3 hours 



MQdule Title: - 

» 

Basic CheniicaT Precipitation Softening ' » 



Submodule Title: 



Topic: 



Laboratory Control 



Objectives :up6n .completion of this>topic, the parti-cipant will be able to: 
K Select^the'praper analytical tists for ^operational corftroV - 
2/ Explaifi the analytical tests -for operational control • o 
3- Interpret the results 'of ahalyti^caf tests used in opera;tional control • 



Instructional Aids: ^ ^ ' \ 

K Handout - Laboratory Control , 

2^^ Jrapsparency #2 2 - Laboratory Contro'l 



Ir>structional Approach: 
Discussion 



"Ptfef erences : ' • ^ - ~' ' ~ ^ ~ 

1- Standard Methods for the Examinati.on of Water and W astewater, lA'th Ed, 

2- Methcrds for Chemical Analysis of Water and Was4;e , EPA. 




Class'/ssignments : • * , 

-1 . Th$ participant will read Handout - Laboratory ControT 



♦ -i 
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•lodule No: 
II2TViS 



Topic: „ 
Lboratory Control 



Instructor Note;5 



1/ Present Transparency £22 




Instructor Outline: 



1. Dijscuss the various laboratory airalysis 
the need for each. 



an^ 



V 



1 v 
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M'ojdHJle No: 

J 

ilZTV.'S 



Appr.ox, Time:' 



1 hour 



Module Title: 

Basic Chemical FVeciPita^tion Softening 



Submodule .Title: 



Topi^: 
Evaluation ^ 



Objectives 



The participant should be able to ansv/er correctly ^5 of the 30 questions 
asked.. . • 



Im^ructional Aids>^ 
None 



Instructional Approach: 
Examination 



• 1- 



l^eferences : 



None 



Class Assignments: 
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/ , TRANSPARENCIES #T - #22 
• • 'for' 
, Training Module II2Tl5s 
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! A 



WHAT IS l-'rARnMF5;5;? 



]. Chemical Components 



c) -Other 



ERIC 



2. Types of Hardness 

a) Carbonate 

. .Ca(HC03)2.or Mg' (HC03)2' w 

b) Non Carbonate 

' casOi. OR' maoo 
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TBANi«;PflPFMrv TTmjQ _ m 



HHAT IS SOFTFNRin? 
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1. Removal of Hardness- 

2. Types . / * 
a) Chemical precip°itation 

• b) Ion exchange 
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Transparency mm - ^ 



■ ■ -' %W$>OFTFN? ' ' 
AdvaiSttaGes ..: ' ; ' . ^ 

a) CbfNiSUME UESs 'sOAP'^AfiD: detergent , ' 

b) . IrjCREASE THE,L'IFE OF. CLOTHING Alffi OTHER ARTICLES 

KinG,CLEA\'Efa, . ^ 

c) InCREA~SE THE LIFE OF PIPES AI© FDCRJRES, HEATING 
•SYSTH^S, m BOILER SHELLS AT© TUBES* FOR DEPOSITING 

. WATER. . • 

d) Certain industrial processes f^EouiRE it, v • 

e) Soke iNDicATiorjs' that hard v/ater may be the cause 

OF CERTAIN CARDIOVASCULAR DISEASES.*' . 

f) Rfi^lOVE RADIOACTIVE NUCLIDES, 

- ^ r • . 



m SGFIEj? 



2, Disadvantages 

a) ' With improper contkou softened miER 

my BE MORg CORROSIVE OR SCALING THAN 
.. THE RAW. water; , •. . 

b) - Chemical precipitation so'ftening produces 
-■' A significant volume of sujdge which has 
-: TO BE disposed of. 



\ 
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Transparency II2T>IS - ^ 



r Carbonate Hardness - 
,Noncarbon,ate Hardness 



.Softening - ' 
Chemical Softening - 



• t . ' * 

Io^J EXCHANGE SOFTENING' 



t > ■ 


* * 






soTTBiii^G lecriais . - ' 




1. Free Carbon Dioxide^ 


•. ' " ^ • 


' C02*+ CA(ai52 > CaC03K'1^0 ./ 




Carbon Lime ' Calcium ' IIater 
Di^oxiDE . Carbonate 




2'. Calcium Carbonate Hardness 




. Ca(I]C(>3)2 + CA(aj)2 >2CAC03-y+ 2!^0 


• «»" 


CaCciim Lime Calcium I'Iater 
' Carbonate. • ♦ Carbonate- ■ 


' * < 
• ♦ * j 


- * , 3. 'flAG^s I UM Carbonate Hardness , - . . 


♦ 


I1g(HC03)2 + 2C^(ai)2 > CACO^i+flGCOlDot 2 II2O 




"<w ■ ■. • • . . ■ \ • ' ■ 








N , ■ 
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TRANSPARE^JGY \ - iy ■ 



/I. Calcium (Iowcarbonate Hardness '. , , 
CASOf, + f IA2CD3 > CaCO^ i + flA2S0/} 



Calciu-i Soda 
SuLPATE Ash ' 



' CALCfUM 

.Carbonate. 



DDIUM 
JLFATE 



flAGNESIUM flbjCARBONATE IIaRDNESS 



fteSOf, +flA2C03 + CA(a!)2 — ^CaCO^T + ^1)2? + riA2S0/| , 



flAGNESIUM' Soda Lime 

|\SH', 



Sulfate 



Calcium . ' i']agnesium'\Sodium 
Carbonate Hydroxide biLFATE 



V 



(J 
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Transparency 11211 



RrcARDaiATia:.' RFAcrmiS ' 

1. Excess Hydroxide - , 



2 



II^CQ^ ^CO^- +2 II2O * 



llYDROklDE CaR&NIC CARBONATE UaTER 

Ion Acid^ ■ Ion 

2. CALcim Carbonate • 

" 2 CACO3 + H2CO3 2 CAlffC03)2 

Calcium Carbonic Calcium • 
Carbonate Acid Bicarbonate 



\ 



3. I 1ag(iesi.um Hydroxide 

[iG(0li)2 + 2- H2C0^ — >i gGICO^)^ + 2 ^20- 

- flAniiEsiiM Carbonic iIagnesiln I'Jater 
Hyd'roxide Acid ' Bicarbonate 
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" Transparency Il):i''S 



i' 



STrT.iriT-Li;: 



*ir. !■ 



^ if 



FLASH MIXER 
CHAMBCfi 




ft! 



OIFFUSER- 
TOP OF TifNK 



2^ 



^^HAKORAIL / 

[WURHTABIi /IHFLUEHT WEU /^^^^^ ^^^ji. 



CEKTER COLUMN— tSMSONCRETE PIER 



u n 




SLUDGE 

DISCHARGE PIPE 



^ if 



SECTIONAL ELEVATI&N 



C 



; Transparency. I I2M-#]^ 



L'PFLO'.,' SOLI-PS CgjTACT SCfTHIER 



Drive Mechanism 




7 Riser Zone 

2 Primqry fraction Zone 

3 Secondary Reaction Zone 

4 Clarification Zone 

5 Sludge Blanlcet and Thicicening Zone 
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m STAGE SOFTENING 



FlRST%AGE 

a) pH should be adjusted to; above 11.0 with lime to obtain 

MAGNES I LM- REMOVAL. ThIS pH CAW BE REDUCED SOMEWHAT IF 

not total magnesium removal is required. ' 
Second Stage • . . . ' 

a) pH of mi SECOND STAGE SHOULD be APPROklM/\TELY 10 TO 
OBTAIN OPTIMUM CALCIUM REMDVAL. 

B) " If^SODA ash is USED IT SHOULD BE ADDED JUST PRIOR TO - 
^ THE SECOND STAGE TO HELP REDUCE JjiE pH. . . •• ' • 

C) Rec/>RB0NATI0N WITH CARBON DIOXIDE I§' USUALLY REQUIREP 
. TO LOWER THE pH TO THE OPTIMUM LEVEL. ' - 

D) ReCARBONATION "of THE FINISHED WATER TO APPROXIMATELY 
9.5 IS USUALLY REQUIRED TO PREVENT SCALEBUILDUP ON 
THE FILTERS. ThIS FINAL PH IS DEPENDENT ON THE WATER, 

. . CHEMICAL AND PHYS^L CHARACTERISTICS AND THEREFCife 

REQUIRES A CALCULATION OF THE FINAL Pli FOR EACH. PLANT 
. yro ENSURE PROPERLY STABILIZED WATER. 



-•s. ' . SPLIT TOlWr SFMim ' * 

• ■> .; ■• . 

First Stage .. _ 

aJ : pH should be /sdjusjed to above 'II. 0 with li/c to obtain 
magnesium removal., this ph can be reduced somewhat to 
obtain the desired total magnesium removal. ° ' 

Second Stage * . • 

pH of the second stage 'SHOULD BE APPROXIMATELY 10 TO * 

obtain optimum calcium -removal.- ' " 
b) If soda ash is used it -should be adeed just prior to 

the SECOf€) STAGE TO HELP REDUCE THE pH. • 

c; Generally the carbon dioxide and bicarbonate in the split 

, FLW is adequate TO LOlfeR .THE pH IN THE SECOND STAGE TO 
OBTAIN OPTIMUM CALCIUM 'REMOVAL. 

D) If pH drops below 10.0 'add asditional lime to seond stage 

TO OBTAIN THE DESIRED QALCIUM REDUCTION. 

E) ReCARBONATIOM of the finished water Ip APPROXIMATELY 9.5 . 
IS USUALLY REQUIRED TO. PREVENT SCALJ&%JILDyP ON THE FILTERS. 
IHIS FINAL pH IS DEPENDENT ON TTE WATER CHEMICAL AND PHYSICAL 
CHARACTERISTICS AND THEREFORE REQUIRES A CALCULATION OF THE 
FINAL PH FOR, EACH PLANT TO ENSURE PROPERLY STABILIZED WATER. 



y ■ 



SlfMSIAGESOFTENIflG- 



1. Single- Stage^ ' ^ ■ 

a) pH should be above 10 TO OBTAIN ACCEPTABLE PERFORMANCE OF 
THE SOFTENER, I F MAGNESIUM REMOVAL IS DESIRED, THE pH • 
SHOULD BE ABOVE li.,0. ThE OPTIMUM OPERATION, imT OPERATION 
RESULTING IN THE LEAST HARDNESS, WILL BE DIFFERENT FOR EACH 
PLANT, RESULTI-NG IN SOME EXPERIMENTATION TO DETERMINE WHAT 
pH is OPTIMAL./^ ■ , • 

. b) ^ AjiL CHEMICALTEEDS ARE ADDED JUST AT THE HEAD OF THE UI^IT, 

C) ReCARBON^t'iON of the FINISHED WATER TO^ APPROXIMATELY 9.5 ' 
IS USUALLY REQUIRED TO PREVENT SCALE BUILDUP THE FILTERS. 
I HIS FINAL pH is DEPENDENT ON THE WATER,' CHEMIO^L AND PHYSICAL 
CHARACTERISTICS AND THEREFORE REQUIRES A CALCULATION OF'THE 
FINAL PH FOR EACH PLANT TO ENSURE PROPERLY ^STABILIZED WATER. 
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TB/yisPAr-sicY II2T-iS - ?/17 



FACTORS AFFrCTf:!G laTFR.STA^TI r/ATTQ-! 



»1. TS-PERATURE 



Z. 



LCIU-l. 



3. 'Total Dissolved Solids 

.'"'lkalini'ty . 
5. pfl^ ■ ■ < 



0. 
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-A 



RYZ!/^.R If! 



•NCRUSTAICN- 



-VERY MCAVY SCAte 




MeAVYsSCAKE AT 60'f 

pi^CAvnr scvtE »M MOT water keaters" 

HEAVY SC»IS tN HUTWS A.NO CCLS 

•^CAL£ :n HEArsas 

SCALE IN HEATEflS 
SCAI.E IN HEATERS 
SCALE fN HEATER CC'IS 
SOVE SCALE AT 63' f 



J- 



'%CAli m HEATER UNLESS POUPHOSPMAT^ AOCEO 

SLWHT SCALE -CORROSION HJCH TEMP. ->Ol.YPMCSPHAT£» PRESEWT 

NO OlFFiCULTJES aPER!S«CEO 
•COWPIAINTS NEGUG'SLE j * 

NO SaLE OR CO<!ROS:ON [ 
•PJACnCALU NO PEO^WATER COWPlANt.S . 

■ONLY "Slight coRffos*CN at iso* f 

■SCAL; fN MAINS 
PRACTtCAUY NO CCVPIANT3 
CORROSION j 

■QUITE CCARC^IVS AT ISO' f ^ 
•COfiPOSJON \H HOT WATER HEATERS 

CORROSJON IN COLO WATER L-NES 

SEVERE CORROSION -ftEO WATER 
SOVE CORROSION 'N COLO WATER MAINS 
32 REO V^TER^ COyPLAJNTS IN ONE YEAR 
CORROSION IN COlO WATER MAiNS 
CCRRCStON IN COtO WAfER VAJNS 
NUMEROUS COMPLJ^NTS OF REO WATER 
■h 



RED WATER 

SERIOUS CORROSION AT 140* F 
234 RED WATER C0«?LA:NTS IN ONE YEAR , 
VERY CORROSJVE AT 150* f j ^ 

SEVERE CORROSIOfl-R£D WATER 



CORPQSIVE AT 60* f 



CORROSIVE TO COLO WATER VAiH^ 

'x I ^ 

■VERY CORROSlVfr^T 60* AND ISO* F 
■CORftOSlON IN ENTJRE system 

L 



S,!. =2 p!!s-pH , 
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iPA'ICPA'^aCY llil'.IG - ;;13 



TRANSPARENCY NO, 20 "SATURATION PH" REMOVED 
PRIOR TO BEING SHIPPED TO EDRS fQR FILMING 
DUE .TO COPYJIIGHT RESTRICTIONS. 



. ■ 'SAFEIY 

Eljectrical Safety " • ' ' 

1. AUWAYS use' GROUNDED OR DOUBLE INSULATED' ^ 
ELECTRICAL TjOOLS WHEN WOf^KING ON SOFTENERS 

~ ■ OR CHEMICAL' FEEDERS. " , - 

2. Make sure all motors and ELEcmicAL controls ' 

ON SOFTENERS AND CHEMICAL 'FEEDERS ARE PROPERLY 
GROUNDED. ■ - ' 

Lifting CHEMICAL lime and soda ash bags . . 

1., AU'/AYS.LIFE FROM THE KNEES TO PREVENT PERSONAL 
INJURY. V _ ' - . 

Eye Protection . 

1. Always wear eye protection when handling, or 
working around lime or soda ash feeders. 

2. Always wear protective coverings on hands and 
■ arms when 'handling lime and soda ash. 

* 3'.^ lime or soda ash SHOUb come in 'contact WITTi 
-* EYE or SKINy FLUSH with. A LARGE OJANTITY OF " 
• FRESH mTER-AND CONTACT A PHYSIC I AN'- IMMEDIATELY. 



\ 
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. LABORATORY CaiTROL' 

A. Physical , , ' 

^ 1. Tb^erature * • > ' . ' . 

2, turbjdity i ■ • 
Chemical' . ' • . * ' ^ 

Alkalinity ^ • , . "y 

Z. TOTAj- m CALCIUM hArdicss 

3. Total DISSOLVED SOLIDS 
^. pH 

5. Solids concentration •([/floiv units only) 
5. ' "Catalyst" analysis ("Spiractor" only) 



CLASS PROBLEMS 
for ' 

Training Module II2TWS 
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€LASS PROBLEM '#1 



^art A 



.1. -For a water containing ca^lcium. bicarbonate (Ca(HC03)2) , .how many 
moles of »1ime will be needed to react with each mole ot calcium? 



If a water contained 250 mg/1 of calcium bicarbonate , how much 
lime will be needad to soften the water?*, 



ERLC 



If the water iri Problem/2 had a. total dissolved soTTdS before 
softening of , 500.mg/l , ^hat will the total dissolved soljds be- 
after sDf^ning? 




i2 



Part B 



\ • • • . ^ ' ; 

1. For a water containing magnesium sulfate (MgS04), how many moles 

of lime and soda §,sh per mole (MgSO.) will be rsqufred to soften 
the water? 



2. If a water contained 250'mg/1 of calcium bicarbonate and 250 mg/1 
of magnesium su1fate,^how much lime and soda ash will be required 
to sofffen the v/ater? 



If the water in Problem 2 had a total dissolved solids before 
softening of 900 mg/1, v/hat will the total dissolved solids be 
after. softening? - ^ • ' 
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CLASS PR0BLEfcL#2J^^. 




T or ^ F 1. Single, stage sll<tening always obtains the softest 
water. 



T or * F 2. The first stage unit\for two^ stage and^ split treat- 
ments is always operand for maximum magnesium removal 

T or R 3. Soda ash is aly/ays required for treatment i.n the 
r ^ second stage of a two stage or* split treatment 
softening process. * 

T o>" F 4. Single stage softening is •always the cheapest process 
for softening water. 

f 

T or F < 5. Split treatment softening should always be used when' 
softening surf ape. -water. » - . 



r 
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CLASS PROBLEM^ #3 



If the 'desired finished water quality. is a totaj hardness of TOO 
irg/l as CaC03, what process would Be the mo^Vdesirable for each' 
0^ the following waters: 



Alkalinity/* 



Calcium 
Hardness 




Magnesium 
Hardness 



Carbon ^ 
Dio)f4de 



a. 
b. 
c. 
d. 
•e. 
f. 

g'-' 

h. 
-1 . 



■►200 


200 


■ 0 


0 




' 200 


. 100 . 


. TOO 






. 200 


too' 


TOO 






350 


200 


150 . 


0 




. 350 


■ 200 


200 


' 20 . . 




TOO 


250,. - 


250, 


0 




TOO 


250 


250 1 


20 




TOO 


TOO 


350 . - 


0 




-100 - • 


100 


• 350 


. 20 





5 ■ i 



) 

1 

■ 1 



/ 



0 
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CLASS HANDOUT 
' ' for 



Tra inning Module II2TWS 
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1 



) 
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Handout for FIZTWS - Basic Chemical Precipitation Softening 



Introduction 

A. What ^s Hardness 

1 . Chemical Components 

a) Ca 

b) Mg 

c) > Other ^ 

2. Types ^ 

a) Carbonate 

b) Noncarbonate 

3. Typical hardness in 

4. Typical hardness in 



Iowa 



B. ^ What Is Softening 

1 . Removal of hardnes:s 

2. Types of softening , i • . * - 

a ) €h emi ca V *p regi p i ta t i on 

b) Ion exchange *^ | 

C. Why Soften ! 
1 . Advantages * 

a) Consume less soap and detergent 

b) Increase the life of clothing and other articles • 

c) Increase the life of pipe;sfand fixtures , heating systems, 
and boiler shells and tubes for depositing waters.' 

, d) Certain industrial process|s^require it. 

e) Some indications that hard'water may ^be the cause of " ^ 
certain cardiovascu.lar diseases. 

f) RemovQ radioactive nuclides. 

2; Disadvantages . , 

' ' a) With improper control, softened' water pay be more 
corrosive or scaling than;the^ raw.water. 
b) Chemical precipitation softenir?g produ^ces )i significant 
volume of sludge which hai to be disposed'of. 
Principles of Chemical Precipitation 5ofteping ' 
,A. Softening 'Reactions ' ] \ | ^ 

1. Free Carbon Dioxide 



CO2 + Ca (0H)2 — ^CaCOs^jf H2O) 



^Carbon *^Lime^ 
Oioxider^ 



Calcium j 
Carbonatb 



Watfer 



Calcium Carbonate Hardness 



6"a(HC03)2 

Calcium 
Carbonate 



Ca(0H)2 
Lime 



~> 2C&CO3 



; Calcium 
i Carbonate, 



^ + 2H2O 
Water 



3. Magnesium Carbonate Hardness 

Mg(HC03)2 + 2Ca(0H)2 ^CaCpj t + Mg (0H)2f 2 H2O " 

Lime^ - Calcium '• Magnesium Water 



Magnesium 
Carbonate 



Calcium • Magnesium 
Carbonate Hydroxide 



Calcium Noncarbonate Hardfiess * 

CaS04 + Na2C03— ^CaC03 4^ + 11^2^0/^ 



^Calcium- Soda . Calcium, Sodium 
Sulfate ^ Ash Carbonate Sulfate 



Magnesium ^oncarbonate Hardness . * - , 

Mg504 + Na2C03 + Ca(0H)2 ^'caC03l + .Mg(0H)2l Na2Sa^ 

Lime 



Magnesium Soda 
\ Sulfate - Ash 

B. Recarbonation l^eactions 



Calcium Magnesium i Sodium 
Carbonate Hydroxide \ Sulfate 



1. 



Excess Hydroxide 
2 OH" H2C03« 



^C03' + 2 H2O 



2. 



Hydroxidfe Carbonic Carbonate Water 
Ion ^ Acid Ion 

u 

Calcium Carbonate.. 

\ ^ 

2 CaC03 +^H2C03 >Z Ca(HC03)2 



3 
i 

I 

i 



3. 



Calcium J " Carbonic 
Carbona|e 'Acid 

Magnes i urn, Hydroxide • 



Calcium 
Biccirbonate 



Mg(0H)4^ + 2 H2CO3 >Mg(HC03)2 + 2 H2O 



III. Chem'ical 'Precipitation Softening Proc^sses^' 
A. Two Stage SGf|ening (See Figure 1) 

' J . 'First Stage ^ ^ ^ 

. a) -Opera|e first stage at adequate pH for desired 

; . \^ magnesium removaV. ^ * 

'2. Second Stage ' v " 

^ b) Add s6'da ash anct/pr carbon dioxide to reduce pH 



foy o|)timum removal of -calcium. 
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B. Split Treatment Softening (See Figure- 2) 



1 



2 



IV. 



r 



1 



First Stage - . ' '» 

a) Operate first stage at adequate pH for 
magnesium removal . 

Secpnd Stage j 

b) "Bypass part of the-raw water and/or add soda_ 
ash to reduce pH for optimum removal of calcium. 

Single Stage Softening (See Figure 3) 

1 . Single Stage - . -,' u ' j ' * ^ 

a) Operate single stage for optimum total hardness 

removal. ' ^ "* 

Types of Chemical Precipitation Softeners 

A. Straight line softener (See Figure' 4) 

B. Upflow soms contact softener (See Fig.ure 5) 

C ' "SpirQactor" softener (See Figure 6) . i 

Basic Operation ef Chemical Precipitation Softeners ; ' 

A. Two Stage Softening . ' ■ . ' | ' 

First Stage , • 

a-) -pH should be adjusted to above 11.0. with lime to 
obtain magnesium removal. This pH can be reduced 
somewhat. if not total magnesium removal is requiped. 

Second Stage " . . ^' n tr> 

pH of • the second stage should be" appro)Qittate ly 0 
to obtain optimum calcium removal. | 
If soda ash is used it should tje added just pri(5r. to- 
the second stage to help reducq the pH. - 
Recarbonatwn with carbon dioxide is usually required 
.to lower the pH to. the optimum^ level . ^ 
-Recarbonation of the finished \|/a€er to approximately. 
9 5 is usually required to preyent scale buildu|D on 
the filters. This final pH isjdependent on the. water 
. chemical and physical ohai-aCtefistics and therefore 
requires, a calculation of the final pH for eacff 
♦ plant to ensure properly stabilized water. '. 1 , 
Split .Treatment Softening • ' J Ij 

First StdQB I * ^ ^ i- 

a) pH should be adjusted to abov^ 11.0 with 'limViTo obtain 
' magnesium removal. This pH cdn be reduced somewhat to 

obtain the desifed total magnesium removal 
'Second Stage 

laj^s pH of the" second stage should 
obtain optimuirf'calcium remova 
If soda ash is*;^sed it should 



a) 
b) 
o) 
d) 



B." 



1 



b) 
c) 

d) 
e) 



ERJC 



t^e approximately! 10 to , 

be added just prjior to ] 
the^second stage to help reduce the pH. • , 

Generally the carbon dioxide hnd bicarbonate m the split , 
flow is adequate to lower the] pH in, the second stage to , 
obtain optimum calcium removajl. • j 

If pH drops below 10.0 add adjditibnal lime to second stage 
to obtain the desired calciunj deduction'. _ ' 
Recarbonation of^ finished Water to approximately 9.5 . 
is usuallf required' to preverfl; scale builduo on the . liters. 
This final pH is deoendent ori 'the water chemical and .physical 
characteristics and therefo.rf requires a. calculation- of the 
final pH for each plant to efsure pro9erly stabilized water. 
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B. Split Treatment Softening (See Figure 2) ' ' - 

1. . First Sta^e * *- ' ^ 
^a) Operate first stage at'adequate pH for . ' 

^ magnesium removal. • , ^ 

2. Second" Stage <, " 

^ . b) Bypass pa^rt of the raw water and/or add soda 
. * ash to reduce pH for optimum removal of cgilcium. 

C. Single Stage Saftening (See Figure 3) . * 
1. Single Stage 

/'a) Operate single-stage for optimum total hardpess ^ • 

remp\7a1 , ^\ ^ ' 

IV. .Types of Chemi cal precipitation^ Softeners " ' _ ^- 

A. Straight line softener '(See Figure 4) « ' • 

•B. Upflow solids cont^^Bi^oftener (See Figure 5) ^ . 
C.* "Spiroactor" softener^ (See Figure'6) 
V. Basic Operation^ of Chemical Precipitation Softeners' 

A. Two Stage Softening ; ? • - 

1. • First Stage • ^ 

a) pH should'be adjusted to above 11.0 with lime to 
^obtain magnesium removal. Xhfs pH Qan be reduced 
' somewhat if not total magnesium removal is required. 

,2. Second Stage 
* a) pH of the second stage should be'approximately 10 

to obtain optimum calcium removal. <^ * 

^ ^ * b) If soda ash \s used it should be added just prior to 
[ the second stage to help reduce the pH, 

c) Recarbonation with^carbon djoxide is us^jally requirad 
to lower. the pH to the optimum level. < M ' 
<y ^d) Recarbonation of the finished water to ^pprox^imately 

I ^ *9.5 is usually required^ to prev^ scale buildup on 

the filters. This final pH is dependent on thfe water 
chemical and physical ^characteristics and therefore 
•1 \ requires a calculation of the. final pH for eacfi 

^ ^ plant to ensure properly stabilized water. U^-- 

) B.; Split Treatment Softening • I ^ 

I f 1. 'First Stage .j j • 

I a) pK should be adjusted to above 11.0 with limejtb obtain 

^ ' magnesium removal. This pH can be reduced s(kewhat to 

obtain the desired total magnesium removal.' H 

2. Second Stage 1 1 

a) pH of the second stage should be approximately? 10 to 
' *: obtain qptimum calcium removal. A 

, b) If 5oda ash is used it should be added just prjior to 
!}• the second stage to help reduce the pH. | ' . ^ , 

j c) Generally the carb^on dioxide and bicarbonate Hp^the split 

flov/ is adequate to lower the pH in the secoi^dj stage to 
obtain optimum calcium removal. -J 
^ , d) If pH* drops- below lO'.O add additional lime to; ^second stage/ 
} to obtain the desired calcium'reduction. l-i . . * . 

j ' e) **^e^arbpnation of-the finished water to* appro^iifiately 9.5 

^ . is (iSuaUy required. to prevent scale buildup the filters. 

This f^nsl P^'V'S dependent on the water chemfjcjal and pa/sical - 
•characteristics and therefore requires a calc^ujlation. of the 
^ final pH for each plant to ensure properly sta^bilized water. 

i* -'^ . ' ' . ^'l ' 



C. Single Stage^Softening 
^1. ■ Single Stage 

a) pH should be above 10 to obtain acceptable, performance 
of the softener. If magnesium removal is desired, the 
pH should be above 11.0. The optimum operation, that 

"operation resulting in the least hardness, will be. 
different for each plant, resulting in some experimen-ta- 
^^tion to determine what pH is optional. / 

b) ^1] chemical feeds are added just at the head of the unit. 

c) Recarbonation of the finished water to approximately 9.-5 

is usually required to prevent scale buildup. on the filters. 

* ^_ This final pH'. is ?lependent on the water, chemical and physical' 

characteristics atnd therefore requires a -calculation of the 
final pH for each plant to ensure properly stabilized water. 
VI. Water Stabilization ' , ; 

A. Factors affecting water stabilization 

V 1 . Temperature - . ' ' 

^ 2. Calcium ^ \ ^ . " ' , 

"V^ 3. Total Dissolved Solids 

4. Alkalinity ^ 

5. pH 

B. Reizener Index 

S.J. = 2 pHs-pH ^ , . ^ 

C. Saturation pH . 

(See Figure 7) ' _ - 

Vil. Safety ^ . - ' • ' 

^ Ele^.tr.ical Safety ^ , _ . ^ ; _ 

\. ' Always use grounded or double insu1ated'electri,ca1 tools when" 
\\ working on sof tenders or chemical feeders. \ 
' 2. Make sure all motors and electrical controls on softeners and 

' chemical feeders are properly grpunded. ^ ^ ^ , 

- B. Lifting chemical lime and soda ash bags- ' . ' 
^ 1. Always lift from the knees to prevent personal injury. 

C. Eye protection ^ 

Always wear eye protectiu)n when handling or working around ' ' \ 
lime or soda ash feedersx,_^ , "^^^^ \ , 

AlWays wear protective coverTfTgs on hands and aniis when handling 
• lime and soda ash. ' ^ ^ ' ^ - , ' ^ 

^- Ifjime or soda ash should come in cpntact with- eye ^r^skin,* . . 
? *f1iush, withja large quantity of fresh v/ater and^ Gontact'a, pfiysi- ^ 
cian immediately. . ; i ^ ^ * ; j 

VIII. Laboratory Control' ' * ' 

■ A. physic!al \ . ' ' ' ' ^ ' ^ ./ ' 

1 Temperature 

' ; 2. Turbidi ty , ^ * /' • ) - . ' ' ' JJ. 

• B. theniical ' -/ • , " • ^ 

J. ^Alkalinity • . ' • . ^ ^ ^- d . ^ 

i *2. Total and calcium- hardness 

3. Total dissolved solids . ^ 

^. pH ' >^ - ^ ^ 

5. 'Solids concentr^ti^ (Upflow units only) ' ' . ' ' 

, ^ 6.. "Catalyst" analyses ( "Spiractorl. only) ^{ ^ I' 
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Examination for II2TWS - Basic Chemical Precipitation Softening \ 



1. Hardness in most waters is caused by - ^ > and 

, ^divalent cation ions. 

2. Hardness ions that are matched with bicarbonate anions are 
called . . '^Y^ grtli^ss. - , ^ 



Softening . is defined as 



4. List three advantages of-'softenin^ 

a; . , ' , 

b. \ - 

5. -List two disadvantages -of chemical precipitation softening 

« c 

6. In chemical precipitation softening, calcium ions are removed / 

Soda ash is required *for removal of h arAness > 

8. Lis^t the five factors affecting' water stabilization. 

D . • • * . . ^ «- * 

^' , ".•■(• ' .. 

Magnesium is removed by adding .moles of lime for eacti 

' ^ * '^2'="'': '~r^ • , r. 



mol,e or magnesium. 
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10- Match the appropriate number to the name for t^e various zones in an 
upflow solids contact unit. i 
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Sludge Blank and Thickening Zone^ 
Primary Reaction Zone 



Secondary Reaction Zone_ 
RiseY Zone j' 
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TRUE OR FALSE. CIRCLE THE CORRECT ANSWER. 



or F 



T 
T 
T 
T 
T 
T 



or 



or 



or 



or 



or 



or 



F 
F 
F 
F 
F 

4: 



n. .Carbon dioxide recarbonation is usually required to 
properly stabilize water after chemical softening,*^ 

A properly stabilized water always has a pH of 7.d. 

13. \When watef\ contains CaS04 it is considered^ noncarbonate. 

14. Radioactive particles ajjg removed by chemical precipitation 
softening. . ^ 

15. TotalNHssolved solids always generally decrease ivith 
chemica rT>*;ecipitation softening. 

16. Split treatment should never-be used for waters containing 
carbon dic>xide. • - 

17. Magnesium is removed" from the water as magnesium carbonate 
(MgC03) in chemical precipitation softening. - 

18. s^oftener operating at a pH of 10.0 will have a significant 
amount of magnesi^um removal. 

19. The"advantage oT the ."Spiractor" is that it removes both, 
noncartjpnate anql Carbonate hardness • 

' , • V 

20. Straight line softening 1s the easiest' to operate but is 
also the- easiest to upset. . ^ 
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